Center for Integrated Nanotechnologies

Sandia National Laboratories e Los Alamos National Laboratory

Scientific Thrust Areas

. Center capabilities and expertise

. Building blocks for multidisciplinary
projects

. Developed with input from1st User
Workshop

Core Research Programs

- Joint laboratory nanoscience programs

. Build capabilities and expertise of CINT
scientific staff

“One scientific community focused on nanoscience integration”



CINT Scientific Thrust Areas

« Nano-bio-micro Interfaces

» Import biological principles and functions into
artificial biomimetic nano- and micro-systems

Bruce Bunker (bcbunke@sandia.gov)
Andy Shreve (shreve@lanl.gov)
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Aggregated receptors
10-100 nm

motor proteins: biomimetic interfaces:
molecular biology & complexation chemistry, molecular
genetic engineering modeling, & self-assembly
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(2 CINT Scientific Thrust Areas

 Nanophotonics and Nanoelectronics

» Control of electronic and photonic properties of
nanostructured materials

Victor Klimov (klimov@lanl.gov)
Jerry Simmons (jsimmon@sandia.qov)

Quantum-dot radii: 12A  15A 21A Charge transfer
tlake |, Tlak

t.lf\t +n_ '+".+'L +. W A 1
@ h.r _ {. é,_, f -f -L.._, 1\{{-: I.A' T.'
{}%—(_\' -C_‘;r\ {} {}«(}\,{)

it + Sk +L.+. ot
" L+

i il e g p
@H LR ,_,‘.g “'i‘ il

(‘:—a_{}-\{ *{J"\—C}-t-{h-{,f

e s b tigke g Tk L,

3005 W A - R
W}Q—{}M} w—{}x{}—\f{}

- - > e e -
-I'- = - - -. I'- -.I-

- il e

I.*l..r-'l-H e T T T Tl Sy, i

-..-p-u.-...---rr -r-i"-i"-r-rr---l"

PN Tunable electronic Organic/inorganic S
~ . . . ndia
- Los Alamos spectra in Q-dot solids hybrid structures r'|1 Netional


mailto:klimov@lanl.gov
mailto:klimov@lanl.gov
mailto:jsimmon@sandia.gov

CINT Scientific Thrust Areas

« Complex Functional Nanomaterials

» Nanoscale materials synthesis, assembly,
interfacial science, self-assembly processes and
structure-function characterization

Duane Dimos (dbdimos@sandia.qov)
Toni Taylor (ttaylor@lanl.qov)

Unique functionality is often due to
complex crystal structures
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Self-Assembly to form
3-D nanostructures



mailto:dbdimos@sandia.gov
mailto:dbdimos@sandia.gov
mailto:ttaylor@lanl.gov

 Nanomechanics

» Mechanical behavior of
and devices

Mike Nastasi (hasty@lanl.qov)

CINT Scientific Thrust Areas

nanostructured materials
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CINT Scientific Thrust Areas

* Theory and Simulation

» Capabilities and expertise in theory, modeling and
simulation of nano- and meso-scale materials

Eliot Fang (hefang@sandia.qov)
Tony Redondo (redondo@lanl.gov)
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Science Programs — Key Challenges

* Integration of top-down fabrication with bottom-up
assembly to create new classes of functional materials

« Control of optical and electronic energy transfer coupled
across multiple length scales

» Coupling of mechanical forces across nano, micro and
larger length scales, including control of fluidic transport

* Integration of biological and synthetic materials, and
control of the interface between biological and non-
biological components
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Science Programs Built to Address
Challenges

 Integrate teams across disciplines and thrust areas

« Support the capabilities that are available for users
at jump-start

« Examples of scientific directions users can interact
with

* Also see poster session

= m ﬁaaltlidia |
ona
° LOS Alamos Laboratories




Assembly and Actuation of Nanomaterials
Using Active Biomolecules
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Tunable QD Arrays
Nanowires with Programmable | - Nano-Bio-Micro Interfaces
Interconnects - Nanophotonics/Nanoelectronics
- « Complex Functional Nanomaterials Sandia
» Los Alamos - i) flions
- Nanomechanics




B Partial surface exchange followed
by a reaction with a titania precursor

Quantum-dot Nanocomposite Materials For

Non-linear Optics and Lasing
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B Sol-gel composites are readily
combined with photonic structures
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» Los Alamos

V. |. Klimov, Adv. Mater. 15, 610 (2003)

« Nanophotonics/Nanoelectronics
« Complex Functional Nanomaterials
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Fabricated Electronic and Photonic
Architectures

coupled 1D
1 um & Q-wires

epi-GaAs.

epoxy N
gates

GaAs substrate
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Correlated states in coupled Q-wires Tunable photon states in photonic
* Nanophotonics/Nanoelectronics structures
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Self assembly of photosensitive
silica/surfactant mesophase
containing a photoacid
generator (PAG)

Selective UV exposure through
mask

Composite Materials

Silicon Wafer

* Nano-bio-micro Interfaces
« Complex Functional Nanomaterials
* Theory and Simulation

Compartmentalized
production of acid

Selective etching of

(Doshi et al., Science, 2000) Heat treatment

T>125°C

Nanostructural Lithography T Brinker. D. Doshi

Patterned Thin
Film Mesophase
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incorporation of the
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Processing Methods for Nanomaterials

Race to develop new materials/applications - What will be the
bottom line in a few years?

 Scalability?
« Reliability? - Complex Functional Nanomaterials

 Nanomechanics
* Theory and Simulation

* Quality control?

* Functionality?
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A Challenge: Science-based, predictive, robust,
J. Liu, J. Voigt, T. Boyle, J. Brinker scalable processing of nanomaterials
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Mechanical Behavior of Nanomaterials and

Nanostructures
* Mechanical properties of - Complex Functional Nanomaterials
nanostructured materials - Nanomechanics
* Theory and Simulation
Nanostructures
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Surface & Interface Properties, New
Techniques and Modeling

* Mechanical properties derived from surface and interface effects

» Techniques for in-situ mechanical measurement and modeling

— Molecular Level Deformation
Probe Tip-200 nm
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Capability Development: Ultrafast STM

Relaxation dynamics in InAs/GaAs SAQDs

Spatial and temporal atomic-scale imaging of Probe ll>

real space processes and excitations with 20 ~a l
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Atomistic and Mesoscopic Approaches for
Theory and Simulation

Impurity
Segregation at GB
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CINT Connections to National User
Facilities

AL""_'. B 0

Los Alamos Neutron Science Center
(http://lansce.lanl.qgov/)

Combustion Research Facility
(http://lwww.ca.sandia.qov/CRF/)
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T S g to national laboratory

e b " facilities through

e : - gateway operations

National High Magnetic Field Laboratory

A (http:/www.lanl.gov/mst/nhmfl/) r-h Sandia

» Los Alamos i
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User Workshop Poster Session

 Thirty posters representing ongoing science and
thrust area capabilities

» Posters representing national user facilities,
library resources and overall CINT program

» Opportunity to discuss science and develop
connections with laboratory scientists (poster
presenters and others)
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